Abstract. Clothes should fit consumers well, be aesthetically pleasing and comfortable. However, repeated studies of customers' levels of satisfaction indicate that this is often not the case. For example, more robust males often find it difficult to find pants that are the correct length and fit their waists well. What, then, are the typical body profiles of the population? Would it be possible to identify the measurements that are of importance for different sizes and genders? Furthermore, assuming that we have access to an anthropometric database would there be a way to guide the data mining process to discover only those relevant body measurements that are of the most interest for apparel designers? This paper describes our results when addressing these questions through cluster analysis and interestingness measures-based feature selection. We explore a database containing anthropometric measurements as well as 3-D body scans, of a representative sample of the Dutch population.
Introduction
Apparel manufacturers develop sizing systems with the goal of satisfying consumers' needs for apparel that fits. Sizing is the process used to establish a size chart of key body measurements for a range of apparel sizes. To produce garments that fit the population, it follows that the sizes must correspond to real grouping. However, this is often not the case, as indicated by the results obtained by Shofield and LaBat [1] . Their study of forty size charts for women's clothing showed that the different sizes are defined using arbitrary constant intervals between sizes, all vertical measurements increase as the size increases and that the differences between the principal girths are constant for all sizes. Considering this situation, it is easily understandable that repeated studies of the degree of satisfaction with apparel show that consumers' needs are not being met. For example, a North American study found that about 50% of women and 62% of men cannot find satisfactorily fitting clothes [2] . According to Ashdown et al. [3] two main issues have limited the ability of the apparel companies to produce garments with quality fit. First, there has been a lack of up-to-date anthropometric data to describe the civilian population. Second, there is a lack of information about the principal aspects to consider when designing garments for a variety of body sizes and shapes.
Recent work has addressed, to some extent, these problems. [6] subjects were scanned in 3-D, and the body measurements were then extracted from the 3-D scans. Some recent studies attempt to find the most important aspects to be taken into account when designing garments. Viktor et al. [7] finds body size groupings in a sample of the North American male population. Veitch et al. [8] aim to produce a well fitting bodice for Australian women. After selecting twelve out of fifty-four measures and applying Principal Component Analysis (PCA), they define thirty-six categories: twelve sizes and three body shapes within each size. Hsu et al.
[9] identify three body types and thirty-eight sizes for the female adult Taiwanese population by applying PCA on eleven anthropometric measures.
Although the abovementioned work attempt to address the problem of identifying the main aspects that should be consider for the design of garments, they focus only either on a specific body part, or on a gender. Moreover, they do not account for the economic factors of the data mining process. That is, they do not attempt to find the subset of body measurements that would be of the most interest when designing apparel for different sizes within each gender. This paper addresses this issue. Our goals are as follows. We aim to understand the typical consumers' body profile by identifying the natural body size groups and their distinctive characteristics. Also, we attempt to find the most important body measurements that define each size, and study how these measurements interrelate. Importantly, we aim to reduce the cost of the mining process, and the subsequent cost of apparel design, by reducing the number of body measurements to be used. To this end, we employ interestingness measures to identify the minimal sets of body measurements that are relevant for the different sizes, within each gender. In this way, we obtain reduced body measurements (both anthropometric and 3-D) of high utility, to be used to optimize apparel design. This paper is organized as follows. Section 2 introduces utility-based data mining and, in particular, objective interestingness measures, which is used to guide our data mining process. This section explains the need for, and usefulness of, these measures when evaluating the results of the data mining process and when used for feature selection. This is followed, in Section 3, with an introduction to the CAESAR TM anthropometric database. This section also explains our methodology and results when characterizing the population. In this section, we describe the cluster analysis of both the anthropometric measurements and 3-D shapes. In Section 4, we present the approach followed when reducing the number of body measurements, through the use of interestingness measures-based feature selection together with feature extraction. This section also discusses the results obtained for the various body sizes, within each gender. Section 5 concludes the paper.
